The composition of the products follows from NMR and MS data.
Introduction
Of the four possible isomers of the closo-C 2 B 5 H 7 carborane (1,2-, 1,7-, 2,3-and 2,4-), the 2,3-and 2,4-isomers are known, and studies of their chemistry have focused on the 2,4-compounds [1 -3] . The much lower interest in the 2,3-isomer, which is predicted by calculations [4] to be 15 -25 kcal/mol less stable than the 2,4-isomer, may be due to its difficult accessibility. The first C-alkyl derivative closo-2,3-Me 2 C 2 B 5 H 5 was obtained in low yield by Schaeffer et al. [5] in the gas phase reaction of octaborane (12) with 2-butyne. Sneddon et al. [6] [6 -9] . Sneddon and Beck also studied the reaction of nido-2,3-Et 2 C 2 B 4 H 4 2− Na + Li + with PhBCl 2 and MeBBr 2 , respectively, and obtained closo-1-R-2,3-Et 2 C 2 B 5 H 4 (R = Ph, Me) derivatives in mod-0932-0776 / 05 / 0600-0597 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com erate yields [7] . The parent closo-2,3-C 2 B 5 H 7 [10] has been isolated in ca. 65% yield by vacuum thermolysis of nido-4,5-C 2 B 6 H 10 . More recently Grimes, Siebert et al. [11] reported the benzene-centered 1,3,5-(closo-Et 2 C 2 B 5 H 4 ) 3 C 6 H 3 by reacting the nido-2,3-Et 2 C 2 B 4 H 4 2− dianion with tris(diiodoboryl)benzene, which gave the corresponding 1,3,5-tris-nido-C 2 B 4 carborane on silica. We have described the formation of closo-2,3-Et 2 C 2 B 5 I 5 [12] from the reaction of 3-hexyne, BI 3 , and a NaK 2.8 alloy at room temperature. Herein we report on the synthesis of apically functionalized closo-C 2 B 5 carboranes, and the reactions of some of the alkynyl-substituted derivatives with cobalt complexes.
Results and Discussion
Boron insertion or capping reactions [13] are a convenient pathway to functionalized carborane products. To achieve apically B-halogenated closo-2,3-C 2 B 5 carborane derivatives, we carried out reactions of the nido-2,3-Et 2 C 2 B 4 H 4 2− dianion (1, formed by deprotonation of nido-2,3-Et 2 C 2 B 4 H 6 with 2 equiv. n-
BuLi in diethylether, Scheme 1) and BX 3 (X = Br, I) in toluene, which led to 2a,b as yellow oils, respectively. Their 11 B NMR spectra exhibit signals at 6.3 (B4,6), 1.2 (B5), −17.4 (B7), and −23.6 (B1) (2a), and 6.7 (B4,6), 1.9 (B5), −18.3 (B7), and −31.9 (B1) ppm (2b), in a ratio of 2:1:1:1, respectively. The mass spectra of 2a,b give the corresponding molecular ion peaks with correct isotopic patterns.
The formation of 2a,b is of interest, as the bromination of closo-2,3-Et 2 C 2 B 5 H 5 with Br 2 or Br 2 /AlBr 3 occurs selectively at the B5 position, affording closo-5-Br-2,3-Et 2 C 2 B 5 H 4 as the single product in moderate yield [7] . Wrackmeyer et al. [14] studied the reaction of nido- [2,4- 4 B as a side product, the major product being closo-2,4-(EtC) 2 (BEt) 4 BH.
Similarly, the reaction of 1 with PhC≡CBcat (cat = O 2 C 6 H 4 ) produced the apically alkynyl-substituted closo-1-C≡CPh-2,3-Et 2 C 2 B 5 H 4 (2c) (Scheme 2) as a yellow oil. A more efficient way to 2d-f was found by the Pd-catalyzed Negishi-type cross-coupling reactions of 2b (Scheme 2). The 11 B NMR spectrum of 2c shows signals at 6.4 (B4,6), 1.8 (B5), −16.1 (B1), and −18.7 (B7) ppm in a ratio of 2:1:1:1, and similar shifts are observed for 2d-f. There is no significant "anti-podal" effect [15] of the halogen atoms (in 2a,b), or RC 2 groups (in 2c-f) at B1 upon B7, as the 11 B NMR shifts for B7 in 2a-f (−17.4 to −20.3 ppm in CDCl 3 ) are comparable to that of closo-2,3-C 2 B 5 H 7 (B7: −17.9 ppm) [10] . By contrast, the chemical shift for closo-1-butenyl-2,3-C 2 B 5 H 6 (B7: −25.0 ppm) differs considerably from that of closo-2,3-C 2 B 5 H 7 [10] .
The Pd-catalyzed reactions could be easily monitored by the stepwise color change and by 11 B NMR: Scheme 2. the yellow solution of 2b in THF turned to red upon addition of a catalytic amount of Pd(PPh 3 ) 4 , and again gradually to yellow after the corresponding zinc reagents were added. It is noteworthy that the Pd-catalyzed cross coupling in the present work was achieved at ambient temperature (48 -72 h), whereas in most of the reported Pd-catalyzed coupling reactions involving halogenated borane or other carborane clusters, either heating or longer reaction time or both are needed [16 -22] . The initial attempt to obtain 2d by heating the THF solution at reflux led only to a mixture of 2d and unidentified carborane species. The effort to obtain the proposed oxidative addition intermediate 2,3-Et 2 C 2 B 5 -Pd(PPh 3 ) 2 I by reacting 2b and Pd(PPh 3 ) 4 in THF at room temperature was not successful, instead red crystals of trans-Pd(PPh 3 ) 2 I 2 [23] were observed, which was also formed in a trace amount in the preparation of 2d. The desilylation reaction of 2d with n-Bu 4 NF in THF did not lead to a terminal carboranylacetylene, only degradation of the cluster occurred.
A similar reaction of 1 with cis-Cl 2 B(Et)C=C(Et)-BCl 2 produced compound 3 (Scheme 3), in which two closo-2,3-C 2 B 5 clusters are linked via a C=C double bond unit. Its 11 B NMR spectrum exhibits broad signals at 6.2 (B4,6), 2.9 (B5), −4.7 (B1), and −21.5 (B7) ppm. The mass spectrum shows the molecular ion peak with correct isotopic envelope.
The reactions of 2c,d with Co 2 (CO) 8 afforded the dicobaltatetrahedrane derivatives 4c,d as brown oils, each having the C 2 B 5 and Co 2 C 2 clusters connected by a B-C bond. As observed for the benzene-centered triscarboranyl compound 1,3,5-(closo-Et 2 C 2 B 5 H 4 ) 3 C 6 H 3 [11] , our attempt to purify The 11 B NMR spectrum of 4c (in hexane, before column chromatography) exhibits signals at 7.2 (B4,6), 2.9 (B5), −5.6 (B7), and −20.5 (B1) ppm in a ratio of 2:1:1:1. After chromatography new signals appeared at −2.8 and −35.6 ppm, indicating the formation of 5c. Additionally, the mass spectra of 4c/5c exhibit the molecular ion peaks at m/z = 527 and m/z = 517, respectively, and the characteristic fragments of sequential loss of the six carbonyl ligands. The 11 B NMR and MS spectra of 4d/5d provide similar information.
No reaction was observed between 2c and CpCo-(CO) 2 (Cp = η 5 -C 5 H 5 ) in refluxing toluene (1 week) as monitored by 11 B NMR. However, adding [CpCo-(C 2 H 4 ) 2 ] to this mixture and refluxing for additional 6 days led to a brown mixture (after filtration through a pad of sand), in which the C 2 B 5 -substituted CpCo(cyclobutadiene) complex 6c, the C 2 B 4 -substituted analog 6d (from partial decapitation of 6c), and the partial degradation (of 2c) product 7c (Scheme 5) were detected, with the latter two being the minor species ( 
Experimental Section
All reactions and manipulations were performed in dry glassware under argon or nitrogen using standard Schlenk techniques. Solvents were dried, distilled, and saturated with nitrogen. NMR specta were recorded on a Bruker DRX 200 spectrometer (
1-Bromo-2,3-diethyl-2,3-dicarbaheptaborane(7) (2a)
2,3-Et 2 C 2 B 4 H 6 (250 mg, 1.91 mmol) in diethyl ether (30 ml) was treated with n-BuLi (2.5 M in hexane, 1.55 ml, 3.8 mmol) at −65 • C. The solution was stirred for 4 h at r.t., then the solvent removed in vacuo, the residue dissolved in toluene (15 ml) and cooled to −20 • C. A solution of BBr 3 (550 mg, 2.2 mmol) in toluene (15 ml) was added dropwise. The reaction mixture was warmed to r.t. and stirred overnight. All volatiles were removed, the white residue was extracted with hexane (30 ml) and filtered to give a slight yellow filtrate, which was dried in vacuo to leave 2a as a yellow oil (298 mg, 71%). 
1-Iodo-2,3-diethyl-2,3-dicarbaheptaborane(7) (2b)
Similar procedure as described for 2a. 2,3-Et 2 C 2 B 4 H 6 (165 mg, 1.26 mmol), n-BuLi (2.5 M in hexane, 1 ml, 2.5 mmol), BI 3 (498 mg, 1.27 mmol). 2b was obtained as a yellow oil (320 mg, 95% 
1-Trimethylsilylethynyl-2,3-diethyl-2,3-dicarbaheptaborane(7) (2d)
The zinc reagent was prepared by treatment of Me 3 SiC≡CLi (preformed from Me 3 SiC≡CH and n-BuLi, 218 mg, 2.1 mmol) with a solution of ZnCl 2 (286 mg, 2.1 mmol) in THF (6.5 ml) at −10 • C, and stirred at r. t. for 2 h. In another flask, a solution of 2b (534 mg, 2 mmol) in THF (10 ml) was added to a solution of Pd(PPh 3 ) 4 (75 mg, 0.065 mmol) in THF (10 ml). To the resulting red solution the zinc reagent was added at r. t. The reaction mixture became yellow during 1 h. After completion all volatiles were removed in vacuo, the brown residue was extracted with hexane (40 ml) and filtered. The yellow filtrate was dried to give 2d as an orange red oil (340 mg, 72%). After NMR measurement in CDCl 3 , pieces of red crystals were formed, which were identified by X-ray analysis to be transPd(PPh 3 ) 2 I 2 . -1 H{ 11 B} NMR (CDCl 3 ): δ = 0.02 (s, 9 H, SiMe 3 ), 1.36 (t, 6 H, 3 J H,H = 7.6 Hz, CH 3 ), 2.71 (q, 4 H, 3 J H,H = 7.6 Hz, CH 2 ), 3.7 (br., 1 H, B5-H), 4.2 (br., 2 H, B4,6-H), −1.7 (br., 1 H, B7-H). 
1-Methylethynyl-2,3-diethyl-2,3-dicarbaheptaborane(7) (2e)
Similar procedure as described for 2d. MeC≡CLi (115 mg, 2.5 mmol), ZnCl 2 (240 mg, 2.5 mmol), 2b (534 mg, 2 mmol), Pd(PPh 3 ) 4 (40 mg, 0.035 mmol). 2e was obtained as a yellow oil (297 mg, 85% 2 H, B4,6-H), −1.5 (br., 1 H, B7-H 
1-tert-Butylethynyl-2,3-diethyl-2,3-dicarbaheptaborane(7) (2f)
Similar procedure as described for 2d. tBuC≡CH (175 mg, 2.1 mmol), nBuLi (2.5 M in hexane, 0.9 ml, 22 mmol), ZnCl 2 (299 mg, 2.5 mmol), 2b (534 mg, 2 mmol), Pd(PPh 3 ) 4 (75 mg, 0.065 mmol). 2f was obtained as a yellow oil (292 mg, 66%). 
3,4-Bis[2',3'-diethyl-2',3'-dicarbaheptaboranyl(7)-1']-3-hexene (3)
Similar procedure as described for 2a. (Cyclopentadienyl) [1,3- 
bisdicarbaheptaboranyl(7)-2,4-diphenylcyclobutadiene] cobalt complex 6c
To a solution of 2c (195 mg, 0.81 mmol) in toluene (20 ml) was added a portion of CpCo(CO) 2 (81 mg, 0.45 mmol) at r. t.. The deep red mixture was heated at reflux and monitored by 11 B NMR. After one week, CpCo(C 2 H 4 ) 2 (100 mg, 0.55 mmol) was added and the resulting mixture was again heated at 70 • C (oil bath) for 6 days. After cooling the brown mixture was dried to give a brown residue, which was extracted with hexane and filtered through a pad of sand. The filtrate was dried in vacuo, leaving a dark brown oil, which was identified to be a mixture of 6c, 6d and 7c. 
